from CREE Research 7 initiated a significant growth in device research, with strong activities in Europe, Japan and United States.Many different "polytypes" of crystalline silicon carbide (SiC) are known. These polytypes of SiC differ from one another only in the stacking sequence of double layers of silicon and carbon atoms 8 . Each double layer consists of a plane of closed-packed silicon atoms over a plane of closed-packed carbon atoms; one silicon atom lies directly over each carbon atom in a double layer. Each successive double layer is stacked on the previous double layer in a closed packed arrangement that allows for only three possible relative positions for the double layers. These positions are normally labeled A, B and C. Depending on the stacking sequence, various crystalline structures (i.e. cubic, hexagonal or rhombohedral) are produced. The stacking direction is the c-axis in the hexagonal frame of reference .The more common SiC polytypes are listed in Table1. Several ways of designating the various structures are shown in this Table 8 . The most common is the Ramsdell notation which is a number followed by a letter. The number is the number of the double layers in stacking repeat sequence and the letter designates the structure. The hexagonal and rhombohedral polytypes are collectively referred to as á-SiC while the cubic polytype 3C is referred to as â-SiC. Polytypes of practical importance are 3C SiC, the only cubic polytype, and the hexagonal polytypes 6H SiC and 4H SiC.
The physical properties of these polytypes and properties of silicon important for electron device operation have been reported in references [9] [10] [11] [12] .Many devices have been demonstrated in Sic, from simple Schottky barrier rectifiers [13] [14] [15] [16] [17] [18] to high voltage, high current p-n junction diodes 19, 20 , and to complex structures as pnpn-based bipolar power devices 21, 22 . The recently demonstrated reliable high current density switching ability of high density, The recently demonstrated reliable high current density switching ability of high density,high voltage gate turn-off thyristors shows that SiC pnpn-based bipolar power devices are very attractive for high temperature and high power switching applications 22 .
Metal semiconductor contacts
The first practical semiconductor device was the metal-semiconductor diode. Recently , modern semiconductor and vacuum technology has been employed to fabricate reproducible metalsemiconductor contacts so that it is now possible to obtain both rectifying and nonrectifying metalsemiconductor junctions. ... (3) The junction capacitance C can be obtained from the charge Q stored in the space charge region, ... (4) ... (5) where A is the junction area. Combining (3), (4) and (5) The current transport in metalsemiconductor contacts is mainly due to majority carriers.
The current-voltage characteristics of a Schottky barrier rectifier is usually expressed by ... (9) with ... (10) where R* is the Richardson constant. The ideality factor n in (9) is equal to unity when thermionic emission over the barrier dominates other transport mechanisms. Referring to Fig. 1 , due to image-force induced lowering of the potential energy for charge carrier emission when an electric field is applied the barrier height is lowered by ... (11) According to (10) and (11) 
Contact fabrication
Silicon carbide requires special cleaning method. We followed a Huang clean method Metal evaporation was carried out at a pressure of 10 -5 torr. The purity of the evaporated metal was about 99.99%. Contact pattern definition is performed using a suitable mask containing circular holes of diameters 1 and 1.7 mm.The back contact was made by evaporating silver on the whole The vacuum system is an Edward 306. The temperature required for evaporation is produced by resistive heating. The source material is supported by a molybdenum boat,which has a high melting point(2617 °C).A substrate holder is also installed about 20-cm from the evaporating boat.A built-in shutter is also used to control the deposition of metal onto the silicon carbide wafer.
Equipment to test the fabricated schottky rectifier
Ohmic contacts are made to SiC by evaporating silver film on the back surface of the wafer.For measuring small currents, a good electrical contact in every part in the circuit is an important issue. The current noise from the outside environment must also be minimized.
A design of our homemade probe is shown in Fig. 2 , where the connection force is provided by In an early version of this design, the whole device was made from copper. After using the probe several times at high temperature, the copper needle movement through its guiding hole became difficult. In this case, it was not easy to release the sample under the needle tip resulting in serious damage to the whole sample. This problem has been solved by replacing the upper part of the probe by another made from Teflon as shown in Fig.  2 .
Capacitance-voltage measurements
Depletion layer capacitance measurements give information about fixed impurity and defect centers in the semiconductor as well as the metal to semiconductor barrier height. All C-V measurements were performed at room temperature for reverse bias in the range 0-10 V using the Fluke PM6306 programmable automatic RLC meter. The capacitance C is then plotted as 1/ C 2 versus voltage. From the C-V measurements the doping concentration and the built-in potential V bi can be obtained. Knowing the doping concentration, the difference in the energy between the bottom of the conduction band in an n-type material and the Fermi level qV n (or qV p ) can be determined, from which the value of the barrier height can be obtained.
The C-V characteristics in the reverse bias are found to follow the depletion layer capacitance theory for Schottky barriers as outlined in Section 3 as shown in Fig. 3 .From this Figure it is clear that the plots of 1/C 2 , the effect of deep donors was observed in 4H n-type sample since deviation from linearity of 1/C 2 versus V was found for a reverse voltage higher than 7 V.
Current-voltage characteristics
I-V measurements were performed at different temperatures ranging between 290-500K for both forward and reverse bias. I-V measurements were carried out using Programmable hp 4140B pico Amber METER and DC Voltage Source. Measurements were done under vacuum in a Heraeus furnace type VT 5042 EKP. The I-V measurements as a function of temperature give insight on the effect of the oxide layer, the Schottky barrier lowering effect, the non-ideal back contact effect, and surface states for both the forward and reverse characteristics. the back contact formed by silver evaporation may not be ohmic; rather it acts somewhat as a blocking contact. Fig. 5 shows the forward I-V characteristics on a semi-logarithmic plot. The plots do not form straight lines over the whole range of voltage. The value of the ideality factor n is calculated from the slopes of the graphs using equation (9) . For lower bias voltages the ideality factor was found to have a value of n greater than 2. For large bias voltage the ideality factor had very large values. Such a behavior is commonly associated with series resistance. the whole range of voltage. The value of the ideality factor n is calculated from the slopes of the graphs using equation (9) . For lower bias voltages the ideality factor was found to have a value of n greater than 2.. For large bias voltage the ideality factor had very large values. Such a behavior is commonly associated with series resistance. Despite the removal of the oxide layer and other contaminants from the surface of the wafer by etching and degreasing processes, the SiC wafer can be rapidly covered by a thin oxide layer 10-20 Angstroms on exposure to air.The surface also absorbs the atmospheric gases and undoubtedly had a large density of surface states whose concentration was further by metal induced gap states evaporation of the Schottky contact.
From the foregoing discussion it is apparent that the actual values of n cannot be used directly for the interpretation of the current flow mechanisms. In the devices fabricated for the study reported here, both the Schottky contact and the so-called ohmic contact contribute to this deviation of n from the ideal value of unity corresponding to dominating thermionic emission mechanism. Thus in view of the above results, the I-V character rustics of our diodes could not be used for the determination of the barrier height. Fig.6 shows the I-V characteristics in the reverse bias. The current is observed to increase with increasing temperature. This can be explained by carrier generation in the depletion region; most of the electron-hole pairs generated are separated by the high field in the depletion region and are then collected by the electrodes giving higher saturation currents. Another possibility is the excitation of electrons from the metal into the semiconductor which increases with temperature as given by equation (10) . The reverse current is plotted against the square root of the voltage on a semi-logarithmic plot in Figure. 6. The plots become linear after about 1 V. For voltages in excess of 1 V the field becomes high enough for the Schottky lowering effect to assert itself. At high fields the Schottky barrier is considerably lowered according to equation (11) . Another interpretation is in terms of the generation current which is proportional to the width of the space charge region W, while W varies as V 1/2 as given by equation (3).
Conclusion
In this work , we study metal contacts on single crystal silicon carbide. The polytype of our choice is the 4H SiC supplied by CREE Research, Inc. in the form of single-crystal wafers. Contacts are prepared by evaporating metals of different work functions on n type 4H SiC. With the Huang clean given to the SiC wafers 14 we could indeed obtain ohmic and rectifying silicon carbide junctions. Ohmic contacts to n-type 4H SiC was realized by evaporating silver to the backside of the wafer. This ohmic contact largely affected the forward biased characteristics. However, its effects on the reverse biased characteristics were negligible as it is in this case forward biased leading to small series resistance.
The electrical characteristics of the obtained junctions were determined as a function of temperature. Analysis of the current-voltage characteristics gives information on the nature of the contact (ohmic type or Schottky barrier rectifying type), current conduction mechanisms, barrier height, etc. On the other hand, capacitance-voltage measurements yield information about the barrier height, doping concentration as well as the distribution of shallow and deep levels near the surface of the contact.The work carried out here can be extended to the case of epitaxial silicon carbide wafers with more confidence. The epitaxial wafers are more expensive than the substrate wafers used in the present work (at least four times more expensive).
With epitaxial wafers one can obtain more reliable ohmic contacts allowing for better interpretation of forward I-V characteristics.
